Abstract-Handover is a technology that a user can communicate seamlessly with others when he or she moves around base stations. The handover is an important technology in the mobile communication systems and the performance of the handover determines the quality of services of the mobile communication systems. Therefore, in this paper, we measure the handover starting point and time in a 3GPP LTE mobile system environment using a NS-3 simulator. We measure and analyze the handover starting point and starting time based on mobile terminal's speeds. Through the simulation, we found that the handover starting point and time are deeply related to the mobile terminal's speeds.
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II. RELATED WORK
In the 3GPP LTE system, the types of handover are classified into Inter-E-UTRAN handover and Intra-RAT handover [3] .
Inter-E-UTRAN handover is a handover between E-UTRAN base stations. The Intra-RAT handover is a handover between an E-UTRAN base station and a GERAN/UTRAN base station. The Intra-E-UTAN handover is classified into X2-based handover and S1-based handover. X2-based handover operates between eNBs(evolved NodeBs) without MME (Mobility Management Entity) intervention. The S1-based handover operates between eNBs with MME intervention. The X2-based handover is classified into serving-GW(gateway)-changed handover and non-serving-GW-changed handover. The serving gateway determines the data sequence between the source eNB and the target eNB using the end maker at handover termination procedure [3] .
In the E-UTRAN, the handover is supported by RSRP(Reference Signal Received Power) and RSRQ(Reference Signal Received Quality) in the physical layer [4] . The RSRP is a linear average of the distribution of resource element power which includes unique reference signal, R 0 , in the cell which is in the measurement bandwidth [6] . The RSRQ is defined by
where E-UTRA-Carrier-RSSI is the Received Signal Strength Indicator of E-UTRA carrier and N is the number of resource blocks in the bandwidth where the E-UTRA-Carrier-RSSIs are measured. Figure 1 shows the handover simulation architecture of 3GPP LTE which is used in this paper. For the experiment, we used the NS-3 simulator [6] which is the most popular network simulator in the network simulation field. In the experiment, we simulate the handover performance of 3GPP LTE systems. Especially, we conduct the experiment of non-serving-GW-changed of X2-based of Intra-E-UTRAN handover. In the experimental layout, the source eNB is 500m away from the target eNB. An UE continually receives data and moves from the source eNB to the target eNB with a certain speed. With this setup, we measured the handover starting point and handover time. Table 1 shows the detail simulation parameters used in the experiment. 
IV. EXPERIMENTAL RESULTS
In this paper, we conducted the experiment with diverse UE speeds to analyse the relation between UE speeds and the handover performance. Figure 2 shows the experiment result of handover performance. In the figure, we can find the handover starting point and starting time. In the experiment, the handover may start from 250m which is the point that the target eNB is closer than the source eNB. As you can see in the figure, when the UE moves 10m/s, the handover starts from 258m. When the UE moves 110m/s, the handover starts from 349m. Through these results, we can find that the UE which moves at 10m/s communicates with the source eNB for 8m and the UE which moves at 110m/s communicate with the source eNB for 99m. Through this experiment, we check that when the UE moves faster, it communicates with the source eNB for a longer distance. Therefore, when the UE moves at high speed, it may loss communication with the source eNB before handover. The Figure 3 shows the RSRQ value when the UE starts the handover. When the UE moves at 10m/s, the handover starts at -6.1dB from the source eNB and -5.8dB from the target eNB. On the other hand, when the UE moves at 110m/s, the handover starts at -7.9dB from the source eNB and -4.6dB from the target eNB. Through the results, we can find that the UE moves to the target eNB closer when the UE's speed is higher. Fig. 3 . RSRQ value when starting handover V. CONCLUSION Because In this paper, we measured and analyzed the handover performance depending on various UE's speeds in the 3GPP LTE mobile communication system environment. Through the NS-3 simulation, we found the handover starting point and starting time according to UE's speeds. As a result, we checked again that the UE should do handover quickly when it moves fast in order to support the seamless communication during the user's movement. For the future work, we will measure more important factors which can deeply affect handover performance with diverse environments such as user's mobile pattern, service types, and handover types.
